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CLASSICAL AND EMERGENT CARDIOVASCULAR DISEASE RISK FACTORS IN TYPE 2 DIABETICS FROM THE VALLECAS AREA (DICARIVA STUDY)
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the most common form of diabetes (90-95%) (1) . It is characterized by chronic hyperglycemia as a consequence of disorders on insulin action and insulin secretion as the predominant feature (1) . Cardiovascular disease (CVD) is the leading cause of mortality in the developed countries in spite of the declining trend observed (2) . In T2DM patients the risk of death from CVD is 2-5 times higher than in non-diabetic persons (3) . In Spain 30% of mortality is due to CVD (2), being DM considered as an independent CVD risk factor (3) . A recent study estimated that for every point increase in glycated haemoglobin (HbA1c), the relative risk of CVD increases by 18% (4) .
Besides the classic cardiovascular risk factors, others, called emergent factors, like C reactive protein (CRP), microalbuminuria and fibrinogen, have been associated to CVD. Currently, high sensitivity CRP (hs-CRP) is a major index of inflammatory activity and increased hs-CRP levels are found during atherosclerosis development (5) . The triglyceride-glucose index (TyG) and the triglyceride/HDL-cholesterol ratio in turn, have been described as insulin resistance indicators (6) . A good correlation between TyG and the homeostatic model assessment-insulin resistance (HOMA-IR) has been described (6) . Thus, determining insulin resistance is becoming cheaper using TyG instead of the HOMA-IR.
Studies showing association between T2DM and CVD risk factors in a large and uniform population are scarce. Moreover previous cited markers are not usually included in the diagnosis or follow up of T2DM patients. The DICARIVA study was born to evaluate the cardiometabolic risk in a T2DM population, where emergent CVD risk factors, CRP, microalbuminuria, fibrinogen, the triglyceride/HDL-cholesterol and TyG, together with classical CVD risk factors, were included.
The present paper aims to ascertain in a relatively ample sample of male and female T2DM patients: a) levels of classical and emergent CVD risk factors; b) CVD risk factors prevalence; and c) the existing gender differences. Getting all these would permit to design earlier diagnosis strategies and the planning of more accurate treatments in those patients.
METHODS
This observational, epidemiological and cross-sectional study was conducted in T2DM patients from the DIabetes CArdiovascular RIsk of VAllecas (DICARIVA) study and diagnosed in the Diabetes and Cardiovascular risk office at the Endocrinology and Nutrition Service of the Infanta Leonor Universitary Hospital in Madrid, Spain. This hospital gives medical support to approximately 350,000 people belonging to two Madrid districts: Puente de Vallecas y Villa de Vallecas. The study sample comprises 735 T2DM patients managed by endocrinologist (334 men and 401 women) out of 1,032 patients from Vallecas area filed in the hospital endocrinology office. A flowchart of study participants of the DICARIVA study is shown in figure 1 . Patients included were chosen from the office endocrinology file according to the following inclusion criteria: > 18 years old, written informed consent signed and DMT2 diagnosed. The exclusion criteria were < 18 years old and DMT1 diagnosed. The selection was made within a confidentiality framework in accordance with the Declaration of Helsinki guidelines. Written informed consent was obtained from all patients. Data of age, gender, lipids, lipoprotein-lipids, CVD ratios, systolic and diastolic blood pressures were available in all of them. Patients without any of this data were excluded from the study. As the DICARIVA study is a cross-sectional study the time framework was short (three months).
ANTHROPOMETRY
Height was obtained using a stadiometer (Holtain © LTD., Dyfed, UK) with patient barefoot and wearing light clothing. The head was adjusted in a way that an imaginary line crossed the auditory 184 canal and the lowest part of the socket (Frankfurt plane). Body weight was obtained using an electronic weighing scale (SECA © alphaGmbH&Co., Igni, France). Body mass index was estimated using the formula body weight (kg)/height (meters) squared. Waist circumference was measured at the midpoint between the lowest rib and the iliac crest using a flexible non-stretch measuring tape (Holtain, Dyfed, UK).
The Conicity Index (C index ) was estimated using the formula described by Valdez (7).
The C index has been associated with central obesity, having a theoretically expected range of 1-1.73. The C index is based on the estimate volume of the human body constructed to range between the shapes of a cylinder and a double cone assuming a constant body density.
The systolic and diastolic blood pressures were measured according to WHO guidelines (8) by trained personal after 10 minutes patients rest, with a mercury sphygmomanometer (Empire Riester © , Jungingen, Germany).
LABORATORY MEASUREMENTS
Blood samples were collected from the antecubital vein after an overnight fast in the laboratory of the Hospital Infanta Leonor. Blood extraction sample was made by trained persons and the serum separated by centrifugation (Orto Arlesa 21; Madrid, Spain) at 3500 rpm for 20 minutes. Biochemical parameters were determined on serum in a Cobas Mira Plus of Roche biochemical autoanalyzer (Basel, Switzerland). Glucose, cholesterol, HDL-cholesterol and triglycerides were determined by enzymatic colorimetric methods (ELITech kits, Salon de Provenze, SEES, France). Low-density lipoprotein-(LDL-) cholesterol was calculated using the Friedewald et al formula (9) Tables I and II show the cut-off points used. These values were taken from consensus statements of different scientific associations (12) (13) (14) (15) (16) and the different data groups on anthropometric, biochemical parameters, lipid/lipoprotein profile and blood pressure originated. The adiposity markers were body mass index ≥ 30 kg/m 2 , waist circumference ≥ 80 cm for women and ≥ 94 cm for men; regarding the C index , and due to absence of established cut-off values, a value of > 1.30 (17, 18 ) was adopted. We also selected the value 9.1 for TyG to classify patients with and without metabolic syndrome (6) .
STATISTICAL ANALYSES
The sample representability was calculated according to the following formula Where n = 690 Thus, the sample of 735 T2DM studied in the Hospital Infanta Leonor can be considered representative of the total known number of T2DM of Vallecas at the level of 95% and for an error less than 1.9% considering a total of 350,000 persons in Vallecas. Similarly, the T2DM male and female populations studied were also representative of the total known number of T2DM males and females of Vallecas at the level of 95% and for an error less than 1.9%.
Data were described as mean ± SD, range, quartiles, and maximum and minimum values. Shapiro-Wilks and Kolmogorov-Smirnov tests were performed to assess normality distributions in all population and studied subgroups. Data groups were compared by the unpaired Student's t test, the Snedecor's F followed by the Student-Newman-Keuls post hoc, the Mann-Witney U test, the Kruskal-Wallis test and the chi-square test as appropriate. Statistical significance was set at p < 0.05 using the SPSS version 22.0 and the SAS version 9.2 statistical software packages. Table III shows data about disease time-evolution, age and anthropometric data of the T2DM patients. The average disease duration was 11.4 years with lengthier evolution in women (p = 0.03). Twenty-five per cent of volunteers had > 17 years of T2DM evolution. Mean age was 65 years with 25% of patients being older than 75 years. Men were younger, heavier, and taller and (14) ; SEEDO, Sociedad Española para el Estudio de la Obesidad (12) . The cut-off points for the conicity index were selected from references of Tonding et al. (17) and Almeida et al. (18) .
RESULTS
showed higher C index (all p < 0.0001) but lower body mass index (p < 0.0001).
Total and HDL-cholesterol levels were higher (p < 0.0001) in women. Men showed higher triglycerides/HDL-cholesterol (p = 0.0012), total cholesterol/HDL-cholesterol (p < 0.0001) and LDL-cholesterol/HDL-cholesterol ratios (p < 0.0001). Table IV shows data of blood pressures, fasting glucose, glycated haemoglobin, TyG and other emergent CVD risk factors. Diastolic blood pressure were virtually lower in men (p = 0.082). Higher microalbuminuria (p < 0.0001) but lower hs-CRP (p = 0.0006) and fibrinogen (p < 0.0001) levels were present in men. Table V gives information on the T2DM population regarding anthropometric markers classified according to the different scientific Societies criteria and the C index . Gender-significant differences were observed for the body mass index, waist circumference and C index population distribution (all, p < 0.0001). The obesity/overweight prevalence also shows gender differences (33.5%/45.5% in males vs. 53.9%/28.2% in females). Thirty-three women suffered from morbid and extreme obesity. The prevalence of patients at very-high-CVD risk according to the waist circumference was much higher in women than men (78 vs 40%, respectively). A high prevalence of T2DM patients with ≥ 10 years evolution was found. Table VI shows information on the different lipoprotein and diabetes control markers distribution in men and women. The values distribution within the cut-off points for total cholesterol (p = 0.0038), the triglyceride/HDL-cholesterol molar ratio (p = 0.007), the total cholesterol/HDL-cholesterol and LDL-cholesterol/ HDL-cholesterol ratios (p = 0.014 and p = 0.003, respectively) were significantly different in both genders, with higher prevalence of elevated levels of these three ratios in males. Gender distribution differences were also observed for microalbuminuria (p = 0.0006), hs-CRP (p = 0.009) and fibrinogen (p = 0.0009), HbA1c being at the borderline for statistical differences (p = 0.058). The prevalence of women at the highest range for hs-CRP and fibrinogen was higher while that of microalbuminuria lower.
More than 90% of DICARIVA study T2DM were treated with oral hypoglycemic drugs and or/insulin and 77% with hypotensive drugs, while 12% received insulin plus biguanides plus statins suggesting polymedication for diabetes treatment and its comorbidities.
DISCUSSION
The broad sample of male and female T2DM patients studied is one of the important strength of the DICARIVA study. Moreover, we collected or measured all the variables directly at the hospital. In addition to disease time-evolution and several classic CVD risk factors, information about emergent CVD risk factors as TyG, microalbuminuria, CRP, fibrinogen was obtained and the prevalence of altered levels in both gender-populations calculated and compared. Due to the information of cut-off points in CVD emergent markers in T2DM is relatively unknown, the Q3 values obtained has relevant importance and can be used in future studies. However, some limitations should be considered, e.g., we did not have direct information on nutritional habits; nonetheless, some measurements tested, such as body mass index, waist circumference, total cholesterol, LDL-cholesterol, are closely related to nutritional habits.
The average time of the T2DM evolution was 11.4 years, four years more than the observed by others (19) . This disease time-evolution appeared not associated with higher values of the different markers studied. We do not have any clear hypotheses for those findings, as several aspects can be at work (familiar antecedents, drugs treatment, etc.).
ANTHOPOMETRIC PARAMETERS
In agreement with other studies conducted in T2DM patients (19) the anthropometric markers were clearly elevated. Patients showed lower weight, body mass index, waist circumference and height and higher disease evolution time than those included in the Rodriguez Bernardino et al. study (19) . Weight, height, and waist circumference were higher in men but body mass index lower (19) and, as Tonding et al. (17) pointed out, lower C index was found in females.
According to the waist circumference a similar value distribution was found in both sexes. However, according to their respective cutpoints, central obesity, and thus, high CVD risk was more prevalent in women. However this risk would be ameliorated by other factors (e.g., estrogen, genetic, age) and would be assessed in future studies. According to body mass index, excess of fat mass (overweight and obesity) was present in 80% of the patients, in line with other findings (20) , suggesting a cluster of obesity and T2DM. Elevated or very elevated waist circumference values were found in three out of four patients, this prevalence being much higher than that of non-diabetic Spanish population (21) suggesting that most of T2DM patients were at elevated CVD risk, as waist circumference shows a good predictive value for CVD risk. According to the C index , the prevalence of patients at elevated CVD risk was larger than that observed by others (17) , although the cut-off point selected in the present study (1.3) was slightly higher. A C index of 1.18-1.2 has been suggested as a threshold for CVD risk and mortality increase by other investigators (18) . If we compare the C index with other methods of calculation of abdominal obesity we see that it brings some significant advantages over the most commonly used, waist circumference and body mass index.
Regarding the first, conicity index prevents different interpretations according to race or ethnic group concerned and possible errors attributed to "eye of the beholder" (different persons measuring).
Regarding the body mass index, it is not as specific as the C index rating visceral fat. In addition, some authors attribute to C index better discriminating power of coronary risk (18) . As C index is directly related to abdominal fat distribution and, in turn to CVD risk, the Q3 values obtained in the study (1.39 in men and 1.37 in women) are proposed as cut-off points for future CVD risk in T2DM patients.
LIPID/LIPOPROTEIN PROFILE, CVD RISK RATIOS, TYG, AND BLOOD PRESSURE
Although triglycerides and the triglycerides/HDL-cholesterol molar ratio showed elevated levels, total and LDL-cholesterol were relatively low both in men and women with 58% and 73% showing desirable or adequate values. The triglycerides/HDL-cholesterol molar ratio is indicative of LDL size and atherogenicity, being a relevant feature of diabetic dyslipemia (22) . In T2DM the concentration of small LDL increases in spite of LDL-cholesterol one that remains normal or reduced; it means that LDL-cholesterol values could be misleading because they do not reflect the number of these atherogenic particles (22) . In fact in the DICARIVA study, the prevalence of high LDL-cholesterol values was only 7.5%. Due to the relevance of the triglyceride/HDL-cholesterol molar ratio already commented the Q3 values obtained in the study (1.9 in men and 1.7 in women) are proposed as cut-off points for future CVD risk in T2DM patients.
CVD risk is elevated in T2DM (22) due to the presence of the Atherogenic Lipid Triad. The main features of this triad are: high levels of triglycerides, reduced value of HDL-cholesterol and elevated number of small dense and more oxidizable LDL particles (22) . In spite of having relative low LDL-cholesterol levels, males presented triglycerides/HDL-cholesterol ratio higher than females suggesting a major CVD risk due to the increased presence of those more atherosclerotic LDL particles. The Atherogenic Lipid Triad was present in 18% of patients; almost 35% had reduced HDL-cholesterol levels, 36% presented hypertriglyceridemia, and 39% had elevated triglycerides/HDL-cholesterol ratio.
The total cholesterol/HDL-cholesterol ratio seems to be a better marker than LDL-cholesterol/HDL-cholesterol ratio, mainly if strong hypertriglyceridemia (> 400 mg/dL) is present and LDL-cholesterol levels have been calculated by Friedewald et al. formula (9) . On the other hand, the association of CVD risk to elevated total cholesterol/ HDL-cholesterol or LDL-cholesterol/HDL-cholesterol ratio increases dramatically in presence of hipertriglyceridemia (22) . Both total cholesterol/HDL-cholesterol and LDL-cholesterol/HDL-cholesterol ratios were similar to those found in other studies (23) . Frequently CVD risk ratios are higher in males than in females in diabetic and non-diabetic populations. Hypercholesterolemia but not hypertriglyceridemia was more prevalent in women. Triglycerides levels are elevated during menopause, partially explaining the gender comparable triglyceride levels and prevalences of hypertriglyceridemia found in this study.
Females tended to have higher diastolic blood pressures. Blood pressure levels were, roughly, 4 mmHg lower than in other studies (19) . Normal-high/moderate hypertension was found in 66% of patients while 2% presented severe hypertension, suggesting increased CVD risk. Rodríguez Bernardino et al. (19) reported that hypertension was present in 70.8% patients, probably related to the low antihypertensive treatment compliance as was reported in some cross-sectional studies in Spain. According to WHO, hypertension is responsible for, at least, 45% of deaths due to heart disease and 51% of deaths due to stroke (24) .
More than 60% men and women presented metabolic syndrome according to the TyG values (6) . These results agree with the high prevalence of obesity, hyperglycemia, dyslipemia and blood pressure observed in the DICARIVA study. As TyG has been recognized to be a good insulin resistance marker (11) , and no significant differences were found for TyG between male and female, the Q3 values obtained for all studied patients (9.8) is proposed as cut-off points for future CVD risk and insulin resistance in T2DM patients.
FASTING PLASMA GLUCOSE, HBA1C, hs-CRP, MICROALBUMINURIA, AND FIBRINOGEN Average fasting plasma glucose and HbA1c levels were far away from optimal values. The prevalence of T2DM patients with HbA1c ≥ 6.5% was 85%, suggesting a bad diabetes control and increased CVD risk (4, 25) in a very high percentage of volunteers. HbA1c is considered a better indicator of future CVD event than fasting glycemia (25) . Both fasting plasma glucose and HbA1c values were higher than in other studies (17, 19) , but lower than in other study in which similar disease time-evolution was reported (26) .
The prevalence of microalbuminuria in the total population was high (36% in men and 25.4% in women) in line with other studies on T2DM patients (27) . According to the HOPE study, global mortality, myocardial infarction, stroke or CVD mortality are higher in diabetic patients showing microalbuminuria (27) . Any degree of microalbuminuria, persistent or clinic, has been associated with increased risk of CVD events.
The high prevalence found for elevated hs-CRP levels was in line with almost all scientific literature, although conclusions are not coincident in all of them. In concordance with Bruno et al. (28) hs-CRP levels suggest a higher inflammatory status in women. According to hs-CRP cut-off points two third of patients were at elevated or medium CVD risk (60.5% males and 70.3% females), confirming the association between T2DM and hs-CRP (29) . Almost a half of the patients were at elevated CVD risk according to their fibrinogen levels. Higher hyperfibrinogenia in women has been also reported by others (30) . The Q3 values obtained in the study for hs-CRP (4.3 mg/L in men and 5.8 mg/L in women) and for fibrinogen (441 mg/dL in men and 468 mg/dL in women) are proposed as cut-off points for future CVD risk in T2DM patients.
As commented, the presence of toxic habits was relatively frequent among the patients, suggesting the need to control and reduce alcohol and tobacco consumption and to increase physical activity in those T2DM patients. The high prevalence of altered markers contrasts with the relatively high drug consumption of these patients as most of them were treated with oral hypoglycemic drugs and or/insulin and with hypotensive drugs. This fact seems paradoxical but, as commented, it suggests low treatment compliance (19) . The conjoin treatment with insulin plus biguanides plus statins in one tenth of DICARIVA participants suggests polymedication for diabetes and its comorbidities treatment.
In conclusion most of the classic and emergent CVD risk factors, particularly the Atherogenic Lipidic Triad, were altered in the DICARIVA study suggesting the presence of several metabolic disorders and CVD risk within this diabetic population. Significant differences by gender were found in some of the indicators but not in HbA1c. As the information of cut-off points in CVD emergent markers in T2DM is relatively unknown, the Q3 values obtained for C index , TyG, hs-CRP, TG/HDLc molar ratio and fibrinogen are proposed to be included as tools for future studies in T2DM.
Therefore, early diagnoses strategy and T2DM drug treatment compliance follow up, together with lifestyle behavior control are needed to avoid or at least to decrease the high CVD risk found in is population.
